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(54) Verfahren zur Herstellung hpchtonerdehaltiger Hohlkugeln 



(57) Die Erfindung betrifft ein Verfahren zur Herstellung von 
hocntonerdehaltigen Hohlkugeln mit einem Durchmesser bis 6 mm fur die 
PeuerfeSt- chemische oder Schleifmittelindustrie. Erf mdungsziel ist 
6 Ite SSellen hochtonerdehaltiger Hohlkugeln mit bestimmten 

Eioenschaften, die den jeweiligen anv/endungstechnischen Werteii 
eSr chen! ohne zusatzlichen apparativen. Mehraufwand. Erfxndungs- 
= f^h! das Entwickeln eines Verfahrens, das es ermoglicht, ■ ■ 

^oneraeh^ au. einer ^ktroschmelze durch Verblasen 

verranre^^ 

nocla?onerdenaliigen Materials, die nitridgebundenen Stxckstoff 
vorzuasweise in Form von Aluminiumnitrid und bzw. oder -o^ynx-ridcn 
In einer ierfahrensaemSB einstellbaren Menge enthalt und dem Verblasen 
Jer enannten Scnmeize , wodurch Hohlkugeln mit bestimmten physxkalx- 
schen und chemischen Kennwerten entstehen. 
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Di* Erfindung b.trifft ein Verfahren zur Harstelluno von 

,: c 6 :rr alti9en Hohiku9ein mit — 

*u 6 ... o e r a rt lg e Hohlkugeln warden insbosondera in 'der 
Fauarfaat-. cha* is cnan und schl eifmittellndiarie b l"Jl r gu 

in der US - PS 2 . 136 . 0S6 Blrd ^ Herstel hohl|;u 

rtl ; ? f °- F ° Uer '-tmO-.tr le bescnrX. 
" « O J B r Een Soh " ,sl «" hoch S ch.el,endar Oxida 

guns dunmvandiger Hchlkugaln for d<e sohi„?t.- Er2eu " 
duroh Vorblasen ainar ' Koru-H , Schl£,1,fco rP^industrie 

Mt>r ^^.lOQcnmelze mit Luff- ^h^^ * 
vor, Nach den GB - P3 2 "h rn ampf 

OT - pc coo . ' ro -«>£#405 resp* den 

u 1 ^ s t>23„462 und DT - PS ^-T7 oca . . 

o37«894 vverden hohle ICtjnfO- 

:::: ;^„?r2:sr der 

.ur da. Alumaniumgewinnung hergestellt. 
Der wesentliche Nnch t-»-ti 

darln. d aS ola roHL".* w T™ 1 "" V "'*"™ b °"«»" 
^r hachtnnardahal ^Za^ "" d f K — r teiiu „ s 
dflrton , G ° Ho - **ugeln nur zuf allig den cefor- 

"»."««». arfardarllahan Umfan90 v.rf ahranaaaSlg beel S n . 
£lu£i; Tardea konnea* 
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In einer Anzahl vveiterer Pa tent schrif ten (z*B. US - PS 
1.977.406 ; US - PS 3.104.164 ; US - PS 3.465.361 ; DT - AS 
1.061.298 ; DT - PS l*«131o853 oder DT - OS 1.660.260) und 
Publikationen (z.B. Martin , R: Industr. Ceram. 1973, Nr, 
659, S 81 ff# oder Hashimoto Kazuhiko; Ceramics Oap# .6 
(1971) 11, So 893 ff. oder Gilman, W.S* : Amer- Ceram. Soc. 
Bull. 46 (1967) 6, S. 593 ff« oder Gaody, A. N# et al. s 
Ogneupory 41 (1976) 9, S. 47 ff.) 1st vorgeschlagen worden, 
durch apparative Manipulationen , insbesondere der DQsenfor- 
men, verbesserte Hohlkugeln zu erzeugerio Auch diese Methoden 
haben bislang zu keiner bef riedigenden verf ahrensmaBigen 
Eigenschaf tsbeeinf luesung dor Hohlkugeln gefuhrt und beno- 
tigen daruber hinaus einen betrach tlichon apparativen Mehr- 
aufvvand. 

Ziel der Erfindung 

mi ib ii i i i i ii w «i ill mi— i n i i i r a 1 I " 

Ziel der Erfindung ist das gezielte Herstellen hochtonerde- 
haltiger Hohlkugeln mit bestimmten Eigenschaf ten , wie inebe- 
oondere Festigkeit, Wandstarke, Durchmesser und Kornyertei-. 
lung, die den jeweiligen anwendungs technischen Werten ent- 
sprechen, ohne neuartigen oder zusatzlichen apparativen 
Mehraufvvand. 1 

Die technis che ^Aufgabe^ Hi p riurr.h die Erfindung qelost wird 

Der Erfindung liegt die Aufgabe zu grunde, ein Verfahren zu 
entwickeln, mit dem es moglich ist, hochtonerdehalt ige Hohl- 
kugeln aus einer Elek t roschmelze durch Verblasen so herzu- 
stelleh, daB das Erf indungsziel erreicht wird. 

Merkmale der Erfindung 

Die Herstellung hoch tpnerdehaltiger Hohlkugeln nit einem 
Durchmesser bis zu 6 mm und mit .gezlelt variierbaren Eigen- 
schaf ten gelingt, wenn in der zu verblasenden Elek t roschmelze. 
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das hocntonardahaltigen M 3terials verfahr 0 naga mS S ein-tell 
bare Antalle nztridgeb.ndcnen Wiek.toff.. v : „ 

^~ mnitrld und b2l „. oder _ oxyn ^;— 

Es hat aich gazeigt.. d a 6 in der Elaktroscb»,alza gOnatio.r 

ten Formon zur uaro^n l ^^tcrrs der genann- 

o men zur Hers lilting von Hohlfcugeln ist n rin2jniBll 

Der Anteil der genannten Nitride in der n P ,-, r „ , 

boo k p. avisohen 1350 ; bis 25 oo k !< von 100 ,<pa bi = 

2200 k bia 2360 k . 9"natigar>veiaa wi.chen 

Die reduziarenden Bedingungan „ shrsnd dea 

werden verf shrensnc^p , Schnalzprozeasaa 

Ga.ange vorzua! • ^ V °" "«"*«on.ri«t. 1 „ 

ala Koks 9 a;za: a : S ;ir i :: k VO r.. biS ^ 20 M — * 

kainen varbasoarten tachniscban Ergebnisaan. 

Obwohl dar ohemiaohe Mechanises der m.h^,,, 
--I- van bo 0 H t ene r deh alti gen 
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nicht ausreichend aufgeklart ist, wobei nur ubereinstimmend 
feststeht, daS atomarer Sticketoff an den Umsetzungen nicht 
merklich beteiligt 1st, gestatten die aufgefuhrten verfah- 
rensgemaBen Bedingungen 

- chercische Zusammensetzung der Elektroschmelze und ihre 
Temperatur, 

- die Gegenwarf von Reduktionsmitteln , 

- die Anwesenheit von stickotof f haltigen Gasen und deren 
Druck sowie . 

- das Auf schmelzverf ahren 

eine technisch ausreichend ge-naue und gezielt variierbare 
Einstellung des Geha'ltes an nitridgebundenen Sticketoff. 
Dadurch wird es moglich,. hochtonerdehaltige Hohlkugeln mit 
gezielt einstellbaren Eigenschaf ten wie Festigkeit. Wand- 
starke und bzw. oder Kornverteilung durch Verblasen der ver- 
f ahrensgemaBen Schmelze mittel3 Luft oder Wasserdampf herzu- 
stellen. Beim VerblaseprozeB zerfallt das in der Schmelze 
vorliegende Nitrid teilweise oder vollstSndig, wobei der 
freiwerdende N 2 die vorliegenden Schmelztropf en bekannter- 
maBen aufblaht* 

Die verfahrensgemafi hergestellten hochtonerdehaltigen Hohl- 
kugeln be9tehen aus 

50 bis 100 Masse % ^ 2 °3 
O bis 50 Masse % ZK> 2 und/oder Cr 2 0 3 und/oder MgO 
O bis 10 Masse % Si0 2 sowie 

0 bis 3 Masse % Verunreinigungen , insbesondere Ti0 2 , 

Fe 2°3* Ga0 * R 2° oder Nitrid * 
Das erfindungegemaBe Verfahren zur Herstellung von hochton- 
erdehaltigen Hohlkugaln kann in an sich bekannten Anlagen 
durchgefuhrt werden. Neuartige oder zusatzliche apparative 
Mehraufwendungen sind daher nicht erf orde rlich. 



Ausf uhrunqsbeispiele 

Die Erfindung wird. durch folgende Ausf uhrungsbeispiele naher 
erlSutort, wobei die Erfindung nicht auf d.iese Baispiele be- 

:i ~ *. 4 ~ +- r- 
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gels pi p 1 1 

4000 g calcinierte Tonerde nach TGL 7750 und 400 g Aluminium-, 
nitrid (hergestellt nach 0. Serpek, Z* enorg* Chom* 27 (1914) 
1, S* 41) werdsn innig gemischt und anschliefcend in einom 
Graphittiegel in einem Lich tbogenof en mit getauchten Elektro- 
den bei 2250 !< geschmolzen* Die erhaltone Schmelze vvurde rnit 
PreBluft (300 kPa) zu Hohlkugeln verblasen* Deren Eigen- 
schaften sincl der Tabelle zu entnehmen* 

Be^jpiel^g * 

Eine innige Mischung von 50 kg calcinierter Tonerde gemaB 
•TGL 7750 und 0,5 kg Petrolkoks der Kornf raktlon bio 2 mm 
wurde in einem geschlossenen Lichtbogenof en bei 2250 k inner- 
halb von 30 min auf geschmolzen. IVahrend dieser Zeit wurden 
zusatzlich 1,5 m technischer Stickstoff eingeleitet, Ein 
Teil der erhaltenen Schmelze wurde abgeschreckt und in ihm 
rontgonographisch 3 Masse % A1N nachgewiesen. Der grofiere 
Teil der Schmelze wurde mit PreSluft von 300 kPa zu Hohl- 
kugeln verblasen. In Tabelle 1 sind die relevanten tech- 
nischen Kennvverte dieser Hohlkugeln angegeben. 

Be is. oie 13 

Ein Gemenge aus 50 kg calcinierter Tonerde nach TGL 7750 
und 1,5 kg Petrolkoks der Kornfraktion bis 2 mm vvurde tvie 
in Beispiel 2 auf geschmolzen und vveiterverarbeite ti. Das ab- 
geschreckte Material enthielt 10 Masse % A1N,» die Hohlkugeln 
wiesen die in Tabelle 1 mitgeteilten Eigenschaf tswerte auf. 
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Verfahren zur Hprs{-piiM„„ u 

einem Durchmesser bis >„ k mm ' Us " r H °hlkugoln '"it 

rial a uf gaac„lLanc ScLaL\ di ^"^^"a- ««s- 
u-nnitrid und b*w. odar -oxvnltrlrt! u " V °" /Uuml "i- 

«-.n B -. deE h^,,^^ c" 1 ; - eioher 6nt ™ ede - 

teehniaoha. Alurciniuanitr-.,. 9e " Materials in Fori von 
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. v.rt.«h.f« ala M ' "^awaiaa Kohlanatoff. dor 
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SO bis ioo Masse % Al 0 

2 3 



O bis io Masse % SiO* sowio 23 /0deP " 9 ° 

O bis 3 Masse % Ve runreini sungen , insbesondere T i0 

Fe 2°3' Ca0 ' R 2 0 Oder Nit rid, 
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(54) Process for the Production of High Alumina Hollow Spheres 3 

(57) The invention concerns a process for the production of high alumina hollow 
spheres with a diameter of up to 6 mm, for the refractory, chemical or abrasives industry. 
The goal of the invention is the tailored production of high alumina hollow spheres 
having certain properties which are in accordance with the respective application- 
technological values, without additional equipment expenses. Object of the invention is 
the development of a process which makes possible for high alumina hollow spheres to 
be produced from an electrofusion, through blowing 4 , such that the goal of the invention 
is achieved. The process steps consist in the production of a melt of a high alumina 
material, which comprises nitride-bonded nitrogen, preferably in the form of aluminum 
nitride and/or oxynitrides, in a process-technologically adjustable amount and the 
blowing of the mentioned melt through which hollow spheres are obtained with certain 
physical and chemical characteristic values. 



1 Academy of Sciences of the GDR 

1 Central Institute for Inorganic Chemistry 

3 or Hollow Spheres With High Alumina Content 

4 in metallurgy, verblasen could also be translated as converting or convertering. 

Translator: Andrea-Ingrid Schneider, 715-549-5734 (German # /2001) aischneider@worldnet.att.net 
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Area of Application for the Invention 



The invention concerns a process for the production of high alumina hollow spheres with 
a diameter of up to 6 mm. Such hollow spheres are needed in particular in the refractory, 
chemical and abrasives industry. 

Characteristic of Known Technical Solution 

Described in US-PS 2,136,096 is the production of hollow-sphere-like structures for the 
refractory industry, which are supposedly capable of being obtained through the blowing 
of melts of high-melting oxides like A1 2 0 3 or spinels by means of air or [water] vapor. 
DT-PS 628,936 proposes the production of thin-walled hollow spheres by blowing a 
corundum melt with air or [water] vapor. According to GB-PS 248,360, GB-PS 262,405, 
and DT-PS 528,462 and DT-PS 537,894, respectively, small hollow spheres are produced 
from A1 2 0 3 in conjunction with the electrofusion purification of the alumina for the 
extraction of aluminum. 

The basic disadvantage of the processes mentioned consists in that the strength, wall 
thickness and particle-size distribution of the high alumina hollow spheres only 
accidentally agree with the required application-technical values and accordingly cannot 
be suitably influenced process-technologically. 

In a number of further patent documents (e.g., US-PS 1,977,406; US -PS 3,104,164; 
US-PS 3,465,361; DT-AS 1,061,298; DT-PS 1,131,853 or DT-OS 1,660,260) and 
publications (e.g., Martin, R: Industr. Ceram. 1973 . No. 659, p. 81 ff. or Hashimoto 
Kazuhiko; Ceramics Jap. 6 (1971) 11, p. 893 ff. or Gilman, W.S.: Amer. Ceram. Soc. 
Bull. 46 (1967) 6, p. 593 ff. or Ggaody, A.N. et aL: Ogneupory 41 (1976) 9, p. 47 ff.) it 
has been proposed to produce improved hollow spheres via instrumental manipulation, in 
particular blast 5 molding. These methods, too, have until now lead to no satisfactory 
process-technological influencing of the properties of the hollow spheres and moreover 
require a considerable additional equipment expense. 



5 or jet molding 

Translator: Andrea-Ingrid Schneider, 715-549-5734 (German # 

2 
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Goal of the Invention 



The goal of the invention is the tailored production of high alumina hollow spheres with 
certain properties such as, in particular, strength, wall thickness, diameter and particle- 
size distribution, which agree with the respective process-technological values without 
novel or additional equipment expenses. 

The Means for Attaining the Technical Object of the Invention 

It is the object of this invention to develop a process by means of which it is possible to 
produce high alumina hollow spheres from an electrofusion through blowing such that 
the goal of the invention is reached. 

Characteristics of the Invention 

The production of high alumina hollow spheres with a diameter of up to 6 mm and 
properties variable in a targeted way succeeds if nitride-bonded nitrogen, preferably in the 
form of aluminum nitride and/or oxynitrides, are present in process-technologically 
adjustable amounts within the electrofusion of the high alumina material to be blown. 

It has emerged that 1 to 18 wt.% of the nitride-bonded nitrogen should advantageously be 
comprised in the electrofusion. The utilization of melts with higher contents of nitride- 
bonded nitrogen of the structure mentioned for the production of hollow spheres is in 
principle possible and producible according to the process, but the yield and the quality of 
the high alumina hollow spheres drops with increasing nitride contents. With nitride 
contents of above 30 wt.% in the melt, only compact porous particles form during the 
blowing. 

The fraction in the electrofusion of the nitrides mentioned can be added to the mixture in 
the form of aluminum nitride, as well as adjusted in it directly through chemical 
conversion, which is more advantageous for the process. The latter succeeds easily under 
reductive conditions in the presence of gases comprising nitrogen, at normal or above 
normal pressure of 100 kPa to 600 kPa between 1950°K to 2500°K, more favorably 
between 2200°K to 2350°K. 

Translator: Andrea-Ingrid Schneider, 715-549-5734 (German # /2001) aischneider@worldnet.att.net 
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According to the process, the reductive conditions during the melting process are created 
through the addition to the mixture of reduction agents, preferably of up to 20 wt.% 
carbon as coke. The types of coke common in technology may be used. 

Higher pressures of the gas comprising nitrogen may be used, but lead to no 
technologically improved results. 

Even though the mechanism of the nitride formation in electrofusions of high alumina 
materials has until now not yet completely been clarified, whereby the only concurrently 
certain thing is that atomic nitrogen is not notably involved in the reactions, the process 
conditions listed 

- chemical composition of the electrofusion and its temperature, 

- the presence of reducing agents, 

- the presence of gases comprising nitrogen and their pressure, as well as 

- the melting process 

allow for a technically sufficiently accurate and targeted variable adjustment of the 
content of nitride-bonded nitrogen. Through that it becomes possible to produce high 
alumina hollow spheres with properties like strength, wall thickness and/or particle-size 
distribution adjustable in a targeted way by blowing the melt according to the process by 
means of air or water vapor. The nitride present in the melt partially or completely breaks 
down during the blowing process, whereby the released N 2 expands, as is well known, the 
melt droplets present. 

The high alumina hollow spheres produced according to the process consist of 

50 to 100 weight % A1 2 0 3 

0 to 50 weight % Zr0 2 and/or Cr 2 0 3 and/or MgO 

0 to 10 weight % Si0 2 as well as 

0 to 3 weight % impurities, in particular Ti0 2 , Fe 2 0 3 , CaO, R.O or nitride. 

The process according to the invention for the production of high alumina hollow spheres 
can be performed in essentially known facilities. Novel or additional equipment expenses 
are thus not necessary. 



Translator: Andrea-Ingrid Schneider, 7 1 5-549-5734 (German # /200 1 ) aischneider@ worldnet.att.net 
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Examples of Embodiment 



The invention is explained more closely by means of the following examples of 
embodiment, whereby the invention is not restricted to these examples. 

Example 1 

4000 g of calcined alumina according to TGL 6 7750 and 400 g of aluminum nitride 
(produced according to D. Serpek, Z. anorg. Chem. 27 (1914) 1, p. 41) are mixed 
intimately and then melted at 2250°K in a graphite crucible in an electric-arc furnace with 
immersed electrodes. The melt obtained was blown into hollow spheres by means of 
compressed air (300 kPa). Their properties may be gathered from the Table. 

Example 2 

An intimate mixture of 50 kg of calcined alumina according to TGL 7750 and 0.5 kg 
petroleum coke with a particle size fraction of up to 2 mm was melted within 30 min at 
2250°K in a closed electric-arc furnace. 1.5 m 3 of technical grade nitrogen is additionally 
introduced during this time. A portion of the obtained melt was quenched and 3 wt.% of 
A1N were found in it through radioscopy. The greater part of the melt was blown with 
compressed air of 300 kPa into hollow spheres. The relevant technical characteristic 
values of these hollow spheres are indicated in Table 1. 

Example 3 

A mixture of 50 kg of calcined alumina according to TGL 7750 and 1.5 kg coke with a 
particle size fraction of up to 2 mm was melted and processed as in Example 2. The 
quenched material comprised 10 wt.% A1N; the hollow spheres had the characteristic 
values reported in Table 1 . 



6 former GDR standard 

Translator: Andrea-Ingrid Schneider, 715-549-5734 (German # 
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Claim of the Invention 

Process for the production of high alumina hollow, spheres with a diameter of up to 6 mm 
from an electrofusion through blowing, characterized in that hollow spheres with a 
chemical composition of 

50 to 100 weight % A1 2 0 3 

0 to 50 weight % Zr0 2 and/or Cr 2 0 3 and/or MgO 

0 to 10 weight % Si0 2 as well as 

0 to 3 weight % impurities, in particular Ti0 2 , Fe 2 0 3 , CaO, Rfi or nitride, 
are produced through blowing by means of air or water vapor from a melt opened-up in 
the electric-arc furnace from a high alumina material which comprises 1 to 20 wt.% 
nitride-bonded nitrogen, preferably in the form of aluminum nitride and/or oxynitrides, 
which is either added to the mixture of the high alumina material in the form of technical 
grade aluminum nitride or in particular produced between 1950°K to 2500°K, preferably 
between 2200°K to 2350°, in the electrofusion in the presence of 1 to 20 wt.% carbon, 
silicon, silicon carbide, aluminum or aluminum carbide as reduction agents, preferably 
carbon which is advantageously mixed in as coke into the high alumina material, and [the 
presence] of gases comprising nitrogen at normal or above normal pressure of 100 kPa to 
600 kPa. 
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